2-D resistivity method is an indirect method to the shallow subsurface survey for maintaining the geo-environment. It is used to measure the apparent resistivity of subsurface. EHR technique was developed in order to get detail and deeper penetration for shallow subsurface study. In this study, 2-D resistivity with Enhancing Horizontal Resolution (EHR) technique is adopted to map and characterize the shallow subsurface (mineral exploration, geology, engineering and environment) using Pole-dipole array. The locations are Pagoh, Johor; Nusajaya, Johor and Puchong, Selangor (Malaysia). The study associated with mineral exploration is Pagoh, Johor while for Nusajaya, Johor is associated with geology and Puchong, Selangor is associated with engineering and environment. The 2-D resistivity and Induced polarization (IP) were employed at Pagoh, Johor to study and detect the subsurface variation of resistivity and chargeability of iron ore in the area. Result of the 2-D resistivity as well as the Induced Polarization (IP) shows that the area is underlain by a thick alluvium with resistivity value of 10 -800 ohm-m iron which has chargeability rate of 0.1 -3 msec. A sedimentary case study was executed at Nusajaya, Johor shows sandstone contains iron mineral (30 -250 ohm-m) and weathered sandstone (500 -1000 ohm-m). Interpretation of 2-D resistivity data at Puchong, Selangor showed a low resistivity value (< 40 ohm-m), which appears to be a zone that is fully saturated with sandy silt and this could be an influence factor the increasing water level because sandy silt is highly permeable in nature. The borehole, support the results of 2-D resistivity method relating a saturated zone in the survey area. There is a good correlation between the 2-D resistivity investigations and the results of borehole records. The stratigraphy and structure of the three case studies (mineral exploration, geology, engineering and environment) can be mapped effectively using 2-D resistivity with EHR technique.
Introduction
Geophysical study provides supported data in order to save cost and time. Geophysical methods can be used to determine depth of bedrock, nature of overburden materials and near surface structures such as sinkholes, cavities, voids, faults and boulders [1] . This paper aims to show how 2-D resistivity methods were successfully used for detection in shallow subsurface. An important part of this study is to improve the 2-D resistivity horizontal resolution and prove a detail image of deep structure can be obtained using EHR technique.
2-D Resistivity Method

Theory of 2-D Resistivity
2-D resistivity method is used to determine the electrical resistivity structure of the subsurface (Figure 1 ). Resistivity is defined as a measure of the opposition to the flow of electric current in a material. The resistivity of a soil or rock is dependent on several factors that include amount of interconnected pore water, porosity, amount of total dissolved solid such as salts and mineral composition (clays). The 2-D resistivity method is described by [2] [3] [4] [5] .
Enhancing Horizontal Resolution (EHR) Technique
When two current electrodes are placed close to one another, current flows along arc-shaped paths connecting the two electrodes. About 50% of the current flows through rock at depths shallower than the current electrode spacing provided the earth has a constant resistivity. By increasing the electrode spacing, more of the injected current will flow to greater depths, as indicated in Figure  2 . If the electrode spacing is much closer, current flows mostly near the earth surface and apparent resistivity will be dominated by resistivity structure of the near surface [7] . Using EHR technique, the current will flow close to each other at a greater depth (Figure 3 ). The important part of this study is to show that EHR technique can improve the 2-D resistivity pseudo section and prove to get deeper penetration. 2-D resistivity survey is to determine the subsurface resistivity distribution by taking measurements on the ground surface. The true resistivity of the subsurface can be estimated [8] . Figure  4 shows the datum points for Pole-dipole arrays with and without EHR technique.
Study Area
Four different locations were identified and associated with mineral exploration, geology, engineering and environment studies which were mainly focused on shallow subsurface investigations. The locations are Pagoh, Johor; Nusajaya, Johor and Puchong, Selangor (Malaysia).
Pagoh, Johor
Two electrical techniques that were chosen in this study area were 2-D resistivity and Induced polarization (IP) method to map the iron ore distribution. Three survey lines (PAR1-PAR3) were conducted using electrical methods and based on the result obtained, PAR3 was selected to run the EHR technique. For each electrical method, a total spread of 400 m and 690 m were obtained with a vertical depth of penetration of about 140 to 150 m.
Nusajaya, Johor
The 2-D resistivity with Enhancing Horizontal Resolution (EHR) technique is adopted to map and characterize the shallow subsurface of the sedimentary outcrop. 
Puchong, Selangor
2-D resistivity is carried out to detect spread saturated zone and subsurface problems caused by the presence of underground river, which resulted from selected urban area at Selangor, Malaysia. The surveyed area was investigated by three 2-D resistivity profiles (PR1-PR3), each consisting of 5 m minimum electrode spacing with 41 electrodes. Based from the result obtained PR6 were selected for the EHR technique. The survey lines were correlated with borehole that existed on site.
Methodology
The survey used pole-dipole array with space between electrodes is 2 m (Nusajaya, Johor) and 5 m (Pagoh, Johor and Puchong, Selangor). For EHR technique, after the data acquisition of the first survey line was complete, the electrodes were shifted to the right on the same line and the process of data acquisition was repeated. The two sets of data (without shifted and shifted) obtained for each line was combined during processing using Res2Dinv software for gridding, contouring and final presentation. Surfer software was used to map the subsurface outcrop and to correlate with the borehole record.
Results and Discussions
The results of the 2-D resistivity survey are divided into two main parts, without and with EHR technique. Borehole data provided at some of the study area used to be correlated with geophysical data. Physical parameters that are related to mineral exploration, geology, engineering and environment are discussed in detail by considering the geological setting, borehole records and geomorphology of the study areas. Discussions are made according the objective of each study area which is divided into three different study areas. The HER technique performance was evaluated based on a least square algorithm, available in the RES2DINV software.
Pagoh, Johor
There are several possible mechanisms that can explain the occurrence of iron ore in the study area. The survey results are presented in Figures 5 -8 . The resistivity result of PAR1, PAR2 and PAR3 suggested the area is underlain by a thick alluvium with resistivity value of 10 -800 Ωm (Figure 9) . The alluvium can be expected to cover to a depth of up to 150 m. The alluvium can be divided into three zones. The first zone is saturated zone with resistivity value of 20 -100 Ωm and suspected to be groundwater. The second zone is hard layer with resistivity value of 1500 -5000 Ωm while third zone is boulders or hard material with resistivity value > 5000 Ωm (Figures 5(a), 6(a), 7(a) and 8(a) ). The IP result as shown in he inversion model resistivity displays the upper par n mineral (30 -250 ohm-m) an as sandstone contains iro weathered sandstone (500 -1000 ohm-m) alternately. The lower part of the layer represents sandstone and siltstone exhibit high resistivity values of 1500 -5000 ohm-m. Result from EHR technique was chosen to overlap the outcrop (Figure 14) .
Nusajaya, Johor
Puchong, Selangor
The inversion model resistivity of PR1 shows permeable with resistivity value of 300 -500 Ωm at depth < 20 m from the surface. The permeable layer comprises coarse gravel/sand, a good potential for groundwater aquifer. In 5 relation to this investigation, the permeable layer provides a passage for water to flow through easily. As shown in Figure 15 , saturated zone (0 -40 Ωm) was found scattered at PR2 and PR3 at the depth of 10 m to 20 m. The nearest borehole is at PR3 where DBH 4 shows at depth 10 m to 20 m is sandy silt. Therefore the low resistivity at 10 -20 m depth could be mainly due to sandy silt and this could be an influence factor the in an be further confirm that sandy silt located at 10-15 m depth and water level is full at the end of each borehole measured by DBH 2, DBH 5 and DBH 7. These low resistivity value from top of the surface with fracture and highly weathered sandstone will caused to tension crack at this area.
Throughout, 2-D profiling with Pole-dipole array for common array and modified array with EHR technique -creasing water level because sandy silt is highly permeable in nature. This c is adopted at PR6 due to the good horizontal and vertical resolution with correlation with SPT N-value as shown in -D resistivity imaging survey at the depth of 10 m to 20 from the surface. The borehole is located at 63 m at the survey line and shows at depth of 10 m to 20 m is sandy silt. Highly weathered sandstone was found at 6 m depth with resistivity value of 800 Ωm and SPT N-value of 20. The bedrock was found at 27 m depth with resistivity value of 3000 Ωm and SPT N-value of 50. Figure  16 shows the higher the resistivity value, the higher the SPT N-value using common Pole-dipole array and Poledipole with EHR technique. However the soil resistivity can be affected by water and clay content. Subsequently, Figure 17(b) shows that the resistivity value for EHR technique is closely arranged where it matches with the SPT N-value.
Saturated zone (0 -40 Ωm) was found scattered at the 2 m
Conclusions
Based on regional characterization of the study areas, the 2-D resistivity imaging with Enhancing Horizontal Resolution (EHR) technique mapped the shallow subsurface of the study areas in Malaysia. Photo observation, surface observations and borehole record are used to support the 2-D resistivity technique interpretation.
